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1. ABSTRACT 

 
 Apoptosis is a distinctive form of programmed 
cell death resulting in the efficient elimination of cells 
without eliciting an inflammatory response. Endometriosis 
is characterized by the presence of endometrial cells with 
capacity to avoid apoptosis outside the uterus. Apoptosis 
plays a fundamental role for the pathogenesis of 
endometriosis. Eutopic endometrium from women with 
endometriosis has increased expression of anti-apoptotic 
factor and decreased expression of pro-apoptotic factors 
compared with endometrium from healthy women. These 
differences could contribute to the survival of regurgitating 
endometrial cells into the peritoneal cavity and 
development of endometriosis. Increased apoptosis of Fas-
bearing immune cells in the peritoneal cavity may leads to 
their decreased scavenger activity that eventually results in 
prolonged survival of ectopic endometrial cells in women 
with endometriosis. This study is a current review of the 
literatures focused on the physiological role of apoptosis in 
normal endometrium and alterations in regulation of 
apoptosis in eutopic and ectopic endometrium from women 
with endometriosis. The role of apoptosis in the treatment 
of endometriosis is also reviewed. 

 
 
 
 
2. INTRODUCTION 

 
Endometriosis is defined by the presence of 

endometrium-like glandular tissue and stroma outside the 
uterus. It is a common disease affecting 5% to 15% of 
women in the general population and 40% of women 
seeking infertility evaluation (1). Several theories have 
been proposed to explain the pathogenesis of 
endometriosis, including development by metaplasia, 
development from Müllerian remnants, and after 
implantation and growth of endometrium following 
retrograde menstrual reflux. Two new theories have 
recently proposed. The tissue injury and repair theory 
suggests that local production of estrogens by ectopic 
endometrial tissue results in infiltration of basal 
endometrium into the myometrium and the peritoneal 
cavity, and eventually leads to the development of 
endometriosis (2). Moreover, Quinn’s “denervation-
reinnervation” theory postulates that nerve injuries results 
in denervation and reinnervation, making possible deposits 
of viable endometrial cells in injured ectopic sites to 
provoke pain of various intensities (3). 

 
Nearly all women of reproductive age exhibit 
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some degree of reflux of endometrial debris (4). Menstrual 
effluents retrogradely shed into the peritoneal cavity were 
observed to contain viable endometrial cells (5-9). These 
mechanisms are necessary but insufficient to explain why 
only some patients develop the disease. It is possible that 
an altered eutopic endometrium resists to normal peritoneal 
means of cleaning. It is also possible that the disease is 
secondary to alterations of the cellular and humoral 
immunity that induce excessive receptivity of the peritoneal 
mesothelium, hyperactivated macrophages, and 
abnormalities of NK cells (10). An excess of refluxing 
endometrium or altered endometrium has the potential to 
form a proinflammatory or hormonal environment 
favorable to establish the disease (10). The peritoneal 
environment may alter a genetic predisposed endometrium, 
which then becomes favorable for invasion. It is well 
known that hundreds of genes are dysregulated in 
endometriosis (11,12).  

 
The fact that the eutopic endometrium of 

women with endometriosis shares changes with ectopic 
tissue and that these changes are not found in the eutopic 
endometrium of disease-free women has advanced the view 
that the primary defect in endometriosis is to be found in 
the eutopic endometrium (13). Cells and tissue elements, 
derived from such an altered eutopic endometrium and shed 
into the peritoneal cavity, have been proposed to have a 
higher potential for implantation and growth on peritoneal 
surfaces and development into endometriosis (14-16). On 
the other hand, the fact that many differences observed 
between eutopic endometrium of disease-free women and 
ectopic tissue of a patient with endometriosis can be 
explained as the direct influence of the different 
environment of peritoneal fluid (PF) (17-20). One of the 
endometrial alterations appearing in eutopic and ectopic 
endometrium from women with endometriosis refers to the 
regulation of apoptosis. In particular, decreased 
susceptibility of endometrial tissue to apoptosis may 
contribute to the pathogenesis of endometriosis. 

 
3. MOLECULAR BASIS OF APOPTOSIS 
 
3.1. Induction and execution of apoptosis 

 Apoptosis is a specific mode of cell death with 
a characteristic pattern of morphological, biochemical and 
molecular changes such as, nuclear chromatin 
condensation, cytoplasmic blebbing, and internucleosomal 
DNA degradation (21). Apoptosis can result from activation 
of three major pathways: the first starts with binding of 
death receptors with the cognate death ligands, leading to 
the activation of caspase-8, and the second involves the 
mitochondrial release of cytochrome c resulting in the 
activation of caspase-9. As the third, recent studies have 
revealed that induction of endoplasmic reticulum (ER) 
stress and the subsequent activation of the unfolded protein 
response (UPR) play a critical role in the induction of 
apoptosis. All of these pathways eventually activate 
caspase-3 as the effector of apoptosis (22-25). 

 
Fas and tumor necrosis factor receptor (TNFR) 

are belonging to tumor necrosis factor/ nerve growth factor 
receptor superfamily. Fas and TNFR1 contain a 

cytoplasmic domain called the “death domain” (26). Upon 
receptor activation following the binding of cognate death 
ligands (e.g., FasL and TNFalpha), the death domain 
interacts with the adaptor protein (e.g., FADD) leading to 
the formation of death inducing signaling complex (DISC), 
and initiates the execution process of apoptosis (27). 
Following their activation, caspase-8 and -9, the initiator 
caspases, cleave and activate the effector caspases, caspase-
3, -6 and/or -7.  

 
Caspase-9 activation starts with the 

mitochondrial release of cytochrome c in response to 
apoptotic stimuli. The cytochrome c binds to apoptotic 
protease activating factor 1 (Apaf-1) in the presence of 
dATP, and the Apaf-1/cytochrome-c/dATP complex forms 
an oligomeric “Apoptosome” (28, 29), which recruits and 
activates the pro-caspase-9 leading to the activation of 
effector caspases such as caspase-3 (Figure 1). Caspase-3 
plays a central role in proteolytic cleavage of ICAD 
(DFF45) to activate CAD (DFF40) leading to DNA 
fragmentation into nucleosomal units. 

 
Inhibitors of apoptosis interact with multiple 

cellular partners and inhibit apoptosis induced by a variety 
of stimuli. Although caspase activity is regulated by the 
zymogen activation, direct inhibition of active caspase by 
inhibitors of apoptosis is important. Eight human inhibitors 
of apoptosis have been identified so far (30), among them, 
XIAP, c-IAP1, and c-IAP2 are thought to directly inhibit 
caspase-3, caspase-7 and caspase-9 (31-34). 

 
3.2. Bcl-2 family regulates the mitochondrial pathways 
through organelle morphogenesis 

In mammalian cells, mitochondria have a 
central role in apoptosis that is regulated by members of the 
Bcl-2 family (35). The mitochondrial pathway integrates 
stress and some developmental apoptotic stimuli, and is 
triggered by the translocation of proapoptotic Bcl-2 family 
member, such as Bax and Bak, to the surface of 
mitochondria where the anti-apoptotic proteins are located. 
The interaction between pro-apoptotic (Bak, Bax) and anti-
apoptotic (Bcl-2, Bcl-XL) proteins disrupts the normal 
function of Bcl-2 and Bcl-XL and can lead to the pore 
formation at the mitochondrial membrane, release of 
cytochrome c from mitochondria into the cytosol, which 
induces pro-caspase-9 activation (Figure 1) (36,37). 
Although Bcl-2 family proteins are potent regulators of 
apoptosis, their intracellular localization to mitochondria 
has been observed, but their exact function still remains 
unclear. It is possible that their action can be mediated via 
direct interactions between members of the Bcl-2 family 
and core components of the mitochondrial fission/fusion 
machinery, such as, dynamin-related protein 1 (Drp1) and 
mitofusin 2 (Mfn2) GTPases (38, 39). Two members of the 
Bcl-2 family, Bax and Bak, have the ability to change 
intracellular localization during the course of apoptotic 
process and concentrate into foci at sites of mitochondrial 
scission (40), suggesting that Bcl-2 family members may 
also regulate apoptosis through mitochondrial 
morphogenesis. Nowadays, it is a matter of debate whether 
the role of Bcl-2 proteins in mitochondrial morphogenesis 
is functionally distinct from their role in apoptosis (39). 
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Figure 1. Specific apoptotic stress signals trigger the activation of particular BH3-only proteins which then interact with anti-
apoptotic members on the outer mitochondrial membrane resulting in the release of Bax-like pro-apoptotic factors. Bax undergo a 
conformational change, insert into the outer mitochondrial membrane where they provoke pore formation and release of 
cytochrome c, apoptosome formation and activation of pro-caspase-9.  

 
Some investigators suggest that Bax/Bak-

induced mitochondrial fission promotes apoptosis-
associated cytochrome c release (40-43), while others 
suggest that mitochondrial fission may promote 
cytochrome c release and therefore, act to drive caspase 
activation during apoptosis (44, 45). Further studies are 
required to explore the interactions between Bcl-2 family 
members and mitochondrial morphogenesis proteins and to 
clarify the functional impact of these interactions.   

 
4. APOPTOSIS IN THE NORMAL ENDOMETRIUM  

 
Accumulated evidences suggest that apoptosis 

helps to maintain cellular homeostasis during the menstrual 
cycle by eliminating senescent cells from the functional 
layer of the uterine endometrium (46-48). In normal 
endometrium, apoptotic cells were identified in the 
glandular epithelium of late secretory and menstruating 
endometrium, while very little apoptosis was detected 
during the proliferative phase or at the beginning of the 
secretory phase (49, 50). Vaskivuo et al., showed that the 
pattern of apoptosis negatively correlated to serum estradiol 

concentrations in the proliferative phase (50). Upon 
progesterone withdrawal, two days before the onset of 
menstruation, endometrial epithelial cells show a high 
degree of apoptosis (51).  

 
4.1. Bcl-2 family in normal endometrium 
 The Bcl-2 protein is probably the best well 
characterized of apoptosis-related molecules, and data now 
support a role for the Bcl-2 protein as a cell death repressor 
(52). Bcl-2 has been considered to inhibit apoptosis in the 
human endometrium during the proliferative phase (53). 
Bcl-2 cyclically expressed in endometrial glandular and 
stromal cells, peaks during the late proliferative phase, 
while decreased dramatically in the early and mid-secretory 
phase to reappear in the late secretory phase (53-58). The 
basal layer of the endometrium showed increased 
expression of Bcl-2, whereas, death receptor Fas and 
caspase-3 were showed higher expression in the functional 
layer of the endometrium (60).  

 
The Bcl-2 gene is only one member of this 

multigene family, consisting of numerous proteins 
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homologous to Bcl-2 (61-63). Other members of the Bcl-2 
gene family likely play important roles in controlling 
apoptosis by mechanisms that are opposing or 
complementary to the action of Bcl-2. The susceptibility 
of any given cell to a potential apoptotic stimulus may 
be determined by the ratio of pro- and anti-apoptotic 
Bcl-2 family members presented in the cell at that time 
(63).  

 
Bcl-XL and Bcl-XS are members of the Bcl-2 

family with opposing functions (Bcl-XL anti-apoptotic; 
Bcl-XS pro-apoptotic). The ratio Bcl-XL/Bcl-XS is 
thought to play a major role in setting the “apoptotic 
threshold” in various cell types. This ratio is increased 
at the secretory phase in normal endometrial cells (64). 
Bax is another Bcl-2 family member that promotes cell 
death susceptibility, possibly by countering the effect of 
Bcl-2 on cellular survival through heterodimer 
interaction (62). In contrast with the expression pattern 
of Bcl-2, Bax is up-regulated in the glandular epithelial 
cells during the secretory phase of the normal menstrual 
cycle (65). Bak (Bcl-2 homologous antagonist/ killer) is 
localized almost exclusively to the glandular epithelial 
cells, especially in the functional layer of the secretory 
endometrium (63). Showing similar expression pattern 
with Bax, immunoreactive Bak was absent from most of 
the endometrial cells of the proliferative phase (66). 
These data imply the existence of a dynamic interplay 
among many members of the Bcl-2 family in triggering 
apoptosis. 
  

Several scientists have suggested that ovarian 
steroids may control endometrial apoptosis by up- and 
down-regulation of Bcl-2 and Bax expression (67, 68). The 
cyclic pattern of Bcl-2 expression in endometrial glandular 
cells was related to changes in estrogen receptor and 
progesterone receptor patterns throughout the cycle (54). 
Critchley et al reported an increase in Bcl-2 protein 
expression in glandular and surface epithelium of 
antiprogestin-treated endometrium (69), suggesting that 
Bcl-2 expression may be stimulated by estrogen and down-
regulated by progesterone. 
 
4.2 Fas/FasL in normal endometrium 

Fas expression seems to be unchanged in the 
different phases of the menstrual cycle (70). However, 
another group of authors have found that Fas 
immunostaining on human endometrial glandular cells was 
stronger during the secretory than during the proliferative 
phase (54). This discrepancy could be attributed to the 
different endometrial cell type examined by the authors. 
Similarly, Peng et al demonstrated that FasL exhibits peak 
expression during the secretory and menstrual phases (71).  

 
It is possible in normal human endometrium, 

caspase-8 is initially activated by the Fas/FasL signal, 
resulting in the caspase cascade. Activated caspase-8 can 
switch on both the death receptor pathway and the 
mitochondrial pathway via Bid degradation (72). It is 
possible that both the mitochondrial and the death receptor 
pathways are involved in apoptosis of human endometrial 
cells.  

5. APOPTOSIS IN ENDOMETRIOSIS 
 
5.1. Apoptosis of eutopic and ectopic endometrium in 
endometriosis 

Differences in apoptosis between eutopic 
endometrium from women with endometriosis and normal 
endometrium could contribute to the survival of 
regurgitating endometrial cells into the peritoneal cavity 
and the development of endometriosis. 

 
Gebel et al reported that the percentage of 

apoptosis in sloughed endometrial cells was greatly 
reduced among women with endometriosis implying that 
the number of surviving cells that enter the peritoneal 
cavity is greater in women who develop endometriosis 
(73). The apoptosis indices in the eutopic endometrium of 
women with endometriosis were lower compared to women 
without endometriosis (73, 74). This difference was caused 
primarily by a significant decrease in apoptosis during the 
late secretory/menstrual and early proliferative phases in 
women with endometriosis. The cyclic variability of 
apoptosis may be lost in these women. The eutopic 
endometrium of women with endometriosis 
(epithelial/stromal cells) appeared with increased 
proliferation compared with the one in women without the 
disease (75).  

 
One can speculate that if the decrease in 

apoptosis facilitates ectopic survival and implantation of 
the endometrial cells then there may be an inverse 
correlation between the level of apoptosis and the severity 
of the disease. However, this hypothesis was not confirmed 
(76,77). This may be attributed to the fact that various 
locations of endometriosis are presented with different 
expression patterns of apoptotic molecules.   

 
5.2. Bcl-2 family in endometriosis 

The expression of Bcl-2 in endometrial 
glandular cells has a cyclic pattern in eutopic endometrium 
in patients with endometriosis, but that cyclic changes were 
not apparent in peritoneal and ovarian endometriotic tissues 
(54). Jones et al did not detect apoptosis in stromal cells 
from peritoneal endometriotic tissues (78). In accordance 
with these findings, Bcl-2 is expressed to a greater extent in 
stromal cells from ectopic tissues (78). This overexpression 
may be directly correlated to the increase in the number of 
estrogen receptors expressed by ectopic stroma (79).  

 
An increased expression of Bcl-2 protein was 

found in proliferative eutopic endometrium from women 
with endometriosis when compared with normal 
endometrium from healthy women (80). In contrast, Bax 
expression was absent in proliferative endometrium, 
whereas there was an increase in its expression in secretory 
endometrium from women with endometriosis and healthy 
women. The altered expression of Bcl-2 in eutopic 
endometrium of women with endometriosis resulted to a 
decreased number of apoptotic cells and consequently to 
their abnormal survival in the ectopic locations (80).  
 

The expression of Bcl-2 varied according to the 
location of endometriosis, suggesting the involvement of
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Figure 2.  Effects of Akt and NF-kappaB pathways on 
cellular apoptosis in normal endometrium and 
endometriosis. A: In normal endometrium, NF-kappaB and 
Akt pathways inactivation leads to dephosphorylation of 
Bad and Bax proteins, dissociation of Bad and Bax from 
14-3-3 proteins, permits translocation of Bad and Bax 
proteins from the cytosol to the mitochondria, and thereby 
augments interaction between Bax/Bad and Bcl-2/Bcl-XL 
proteins. These sequential interactions result in release of 
cytochrome c from the mitochondria into the cytosol and 
activation of caspase-3 and PARP enzymes that eventually 
provoke apoptosis of human endometrial cells. B: In 
endometriotic cells, NF-kappaB and Akt activation leads to 
cell survival. These activated molecules can induce 
phosphorylation of Bad protein,sequestration of Bad and 
Bax proteins in the cytosol with 14-3-3 proteins. 
Eventually, leads to the prevention of Bad and Bax 
translocation from the cytosol to the mitochondria. This 
prevents interactions between Bax/Bad and Bcl-2/Bcl-XL 
and thereby promotes survival of endometriotic cells.  

 
different apoptotic pathways and etiopathologies. In 
ovarian endometriosis, the weak Bcl-2 expression was 
shown (77, 81). The Bcl-2 expression was lower in ovarian 
endometriosis than in peritoneal and colorectal 
endometriosis (82). Moreover, as observed by Beliard et al 
the peritoneal endometriosis exhibited a higher Bcl-2 
expression than those found in eutopic endometrium of 
women with or without endometriosis (83).  
 

Braun et al analyzed the expression of apotosis-

regulating genes in eutopic endometrium from women with 
or without endometriosis. The Bcl-XL/Bcl-XS (anti-
apoptotic/pro-apoptotic) ratio was substantially higher in 
eutopic endometria from women with endometriosis 
compared to endometria from women without 
endometriosis (64). This result could be consistent with 
apoptotic resistance and enhanced survival of endometrial 
cells in endometriosis. 
 

Increased prostaglandin E2 (PGE2) signaling was 
observed in ectopic endometriotic tissues compared with 
eutopic endometrial tissues during the menstrual cycle (84). 
According to the authors, the ability of endometriotic cells 
to circumvent apoptotic signals can be the result of the 
increased PGE2 signalling which is associated with 
abundant expression of the anti-apoptotic Bcl-2 and Bcl-XL 
proteins, low expression of pro-apoptotic Bax protein, 
phosphorylation/inactivation of pro-apoptotic Bad protein, 
and activation of multiple cell survival signalling pathways 
(ERK1/2, Akt, nuclear factor-kappaΒ, beta-catenin) (Figure 
2) (84).  
 
5.3. Fas/FasL system in endometriosis 

Fas and its ligand are diminished in eutopic 
endometrium from endometriosis patients when compared 
with control women (70). Few studies have been published 
on the expression of Fas in endometriotic tissues. 
According to our knowledge, there are no studies showing 
quantitative comparison of Fas expression between 
endometriotic tissues and endometrium from disease-free 
women. Fas is expressed randomly in both eutopic and 
ectopic endometrial tissues (85). In accordance with this 
finding, Watanabe et al also observed Fas expression in 
glandular cells of both ectopic and eutopic endometrium 
(54). These findings suggest that the expression of Fas 
antigen may be less involved in apoptosis of eutopic and 
ectopic endometrial tissues as an apoptosis-regulator. In 
contrast, with the cyclic expression pattern of Bcl-2, Fas 
expression was constant in both tissues throughout the 
menstrual cycle. Differences in the expression of Fas were 
found between ovarian, uterine, cervical, and endometrial 
carcinoma tissues comparing with normal tissues. Tumor 
cells had significantly decreased levels of Fas (86). 
Eidukaite et al found abundant expression of Fas antigen in 
NK-cells of PF of women with early stages of 
endometriosis (87). The authors suggested that the 
activated PF NK-cells can be intensively eliminated via the 
Fas/FasL apoptosis, thus providing conditions for the 
survival of ectopic endometrial cells and the development 
of the disease at the initial stages of endometriosis. 

 
In contrast with Fas, many studies indicated that 

higher expression of FasL by endometriotic tissues 
contributes to their survival and the development of 
endometriosis. The levels of soluble/active FasL are higher 
in serum and PF in women with moderate to severe 
endometriosis than in women with early-stage disease or in 
disease-free women (88). Higher levels of soluble FasL in 
the PF of women with endometriosis may contribute to 
increased apoptosis of Fas-bearing immune cells in the 
peritoneal cavity, leading to their decreased scavenger 
activity (79). This may result in prolonged survival of 
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endometrial cells into the peritoneal cavity. Several authors 
have shown that endometrial glandular and stromal cells 
express FasL. In addition, PF leukocytes are another 
plausible source for high levels of soluble FasL in women 
with endometriosis, because human-activated peripheral 
blood mononuclear cells were shown to express FasL 
messenger RNA (89).   

 
Macrophage-derived growth factors, such as 

platelet-derived growth factor (PDGF) and transforming 
growth factor (TGF) are increased in the PF of women with 
endometriosis (90). Garcia-Velasco et al showed that 
macrophage-conditioned media containing PDGF and 
TGF-alpha induced FasL expression in endometrial stromal 
cells, suggesting that peritoneal macrophages in 
endometriosis might stimulate a Fas-mediated apoptosis of 
immune cells (91). FasL expression in the endometriotic 
cells may protect them from attack by T lymphocytes. 
Consequently, ectopic endometrial cells escaping from 
immune surveillance in the peritoneal cavity of women 
with endometriosis may contribute to the maintenance of 
the disease.  

 
It is, therefore, possible that many 

endometriotic cells not only become resistant to Fas-
mediated apoptosis, but additionally they have acquired the 
ability to utilize this pathway to their advantage by 
launching a “Fas counterattack” against the host’s immune 
system. The increased expression of FasL by endometriotic 
cells coincides with their inherent resistance to Fas-
mediated apoptosis which protects them from a “suicidal” 
death. 

 
Up-regulation of FasL expression by 

endometriotic cells could be induced after the adhesion of 
these cells to the extracellular matrix proteins laminin, 
fibronectin, and collagen IV (92). Metalloproteinases 
(MMPs) have been implicated in the conversion of FasL to 
active/soluble forms, suggesting that these molecules can 
activate or release factors involved in the apoptotic process 
(93). MMP-2, MMP-9 and Mt1-MMP messenger RNA 
expression levels are higher in endometriotic lesions 
compared with normal eutopic endometrium, implying that 
endometriotic tissue has a greater capacity for invasion. 
Early lesions of endometriosis reportedly invade the 
extracellular matrix of the peritoneum (94). FasL 
expression that occurs when endometrial stromal cells 
attach to the extracellular matrix may be one of the critical 
events in the development of endometriosis. Supporting 
this theory, Wisniewski et al found that blocking of Fas 
signalling with FasL Interfering Protein (FLIP) impaired 
MMP-2 activity, resulting in reduction of invasiveness and 
motility in glioma cells (95). Under these observations, we 
could speculate that the expression levels of soluble/active 
FasL may be enhanced in shedding endometrial cells 
presenting in the peritoneal environment and protect 
endometrial cells from the immune effectors cells of the 
peritoneal cavity. 

 
Interleukin-8 (IL-8), a chemokine for 

neutrophils and a potent angiogenic agent, is elevated in the 
PF of women with endometriosis (96,97). Selam et al (98) 

examined whether IL-8 upregulate FasL expression in 
endometrial cells and may be relevant for the development 
of a local immunotolerance in endometriosis. They 
demonstrated a concentration-dependent increase in IL-8-
induced FasL expression in endometrial stromal cells. The 
authors speculated that elevated IL-8 levels in PF, via 
stimulation of FasL-induced apoptosis in activated T 
lymphocytes, contribute to an immune-privileged 
environment around the endometriosis implants supporting 
their survival. IL-8 exerts a chemotactic activity primarily 
on neutrophils and inhibits their apoptosis even in the 
presence of Fas engagement (99). Kwak et al investigated 
the effects of plasma and PF from patients with advanced 
endometriosis on apoptosis of neutrophils (100). Adding 
plasma and PF in neutrophils culture reduced spontaneous 
apoptosis. Neutralizing IL-8 antibody abrogated the delay 
of neutrophil apoptosis induced by PF, suggesting that IL-8 
is one of the neutrophil survival factors in the PF of 
endometriosis patients. The impaired clearance of cells 
responsible for innate immunity in the PF of patients with 
endometriosis may be associated with the development of 
the disease (100). 

 
5.4. Apoptosis in peritoneal macrophages from patients 
with endometriosis 

The peritoneal cavity, the commonest site of 
endometriosis (101), contains fluid whose major cellular 
constituents are macrophages (102). In endometriosis, the 
number and secretory activity of these cells increase (4, 
103) and evidence suggests that these cells play an 
important role in developing and maintaining of 
endometriosis (20, 104). The function of macrophages is 
altered in several aspects, as well. The cytotoxic power of 
peritoneal macrophages in endometriosis patients with 
respect to the endometrium is reduced (105). The 
diminution of cytotoxicity of peritoneal macrophages could 
be more significant than that of the circulating 
macrophages (106). Recent studies have suggested that the 
decreased cytotoxicity of peritoneal macrophages could be 
resulted from iron overload. Iron overload can increase NF-
kappaB activity in peritoneal macrophages from women 
with endometriosis (107). NF-kappaB-activated 
macrophages release proinflammatory cytokines which 
may activate NF-kappaB in endometriotic cells, 
consequently promoting cytokine production from 
endometriotic cells, enhances the synthesis of antiapoptotic 
factors and eventually contributes to cell survival in the 
peritoneal cavity (108). Another potent regulator of 
phagocyting activity of peritoneal macrophages in women 
with endometriosis is the increased expression of PGE2 
which inhibits the expression of CD36 scavenger receptor 
in these cells (109). Reduced expression of this receptor 
may result in loss of macrophage’s phagocytic ability. The 
reduced capacity of peritoneal macrophages from women 
with endometriosis to mediate lysis of endometrial cells 
together with the increased resistance of ectopic 
endometrial cells to macrophage-mediated cytolysis may 
promote survival of the endometrial cells in the peritoneal 
cavity of women with endometriosis (110).  

 
McLaren et al reported an increased percentage 

of Bcl-2-positive macrophages in PF of women with 
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endometriosis compared with the non-endometriotic group, 
resulting in an increased number of cells surviving the 
process of activation and thus delaying apoptosis (81). This 
may explain the increased numbers of macrophages found 
in the PF of patients with endometriosis. 
Immunohistochemical staining revealed a population of 
Bcl-2-positive and Bax-negative tissue macrophages 
present only in ectopic tissue during both phases of the 
menstrual cycle (81). The expression of Bcl-2 and the 
absence of Bax may confer on these macrophages a 
decreased susceptibility to apoptosis, given the known 
properties of Bcl-2 and Bax, and may result in an extended 
life expectancy of these cells. 
 
5.5. Apoptosis in pathophysiology of endometriosis 
 Accumulating evidences suggest that the 
endometrial cells from women with and without 
endometriosis have fundamental differences. Endometrial 
cells from women with endometriosis has enhanced 
proliferation and increased ability to implant and survive in 
ectopic locations. Impaired sensitivity of endometrial tissue 
to spontaneous apoptosis contributes to the abnormal 
implantation and growth of endometrium at ectopic sites. 
The inability of endometrial cells to transmit a “death” 
signal or their ability to avoid cell death is associated with 
increased expression of anti-apoptotic factors (e.g., Bcl-2) 
and decreased expression of pro-apoptotic factors (e.g., 
Bax) (80). It remains unclear whether the abnormal 
apoptosis in the eutopic endometrium from patients with 
endometriosis is primary in origin or secondary after 
establishment of pelvic endometriosis process. This could 
be attributed to the fact that at the time of clinical 
presentation and diagnosis most women have already 
established disease and therefore, it is very difficult to 
investigate the early developmental stages of the 
endometriosis.  
  

Reflux of endometrial fragments during 
menstruation into the peritoneal cavity is a common 
phenomenon. Under normal conditions, cells that do not 
adhere to their extracellular matrix enter apoptosis as they 
receive different signals from their adhesion receptors 
(111). However, in women with endometriosis these cells 
have the ability to adhere to mesothelial cells of 
peritoneum, to proliferate, and to produce neoangiogenesis 
resulting in the development of active endometriosis. The 
effect of MMPs on apoptotic factors and their regulation by 
steroid hormones may provide a link between endometrial 
turnover and the invasive process necessary for the 
development of endometriosis.   

 
It is possible that intrinsic abnormalities in 

transplanted eutopic endometrium are contributed to the 
pathogenesis of pelvic endometriosis. Abnormal signaling 
pathways in the eutopic endometrium of women with 
endometriosis have been recently reported. Two different 
groups demonstrated increased activity of the protein 
kinase A and B pathways regulating the function of many 
cellular proteins involved in apoptosis and proliferation 
(112, 113). It was suggested that increased Akt 
phosphorylation may be related to the altered 
apoptosis/proliferation in endometriosis, and therefore Akt 

may play a critical role in the pathogenesis of 
endometriosis. Another pathway whose activation confers a 
resistant to apoptosis phenotype in endometriotic cell is the 
NF-kappaΒ (108) (Figure 2). This pathway is an important 
regulator of cell proliferation and apoptosis of 
endometriotic lesions. NF-kappaB activation can promote 
the proliferation of endometriotic cells. On the other hand, 
NF-kappaB inhibition was found to decrease proliferation 
of endometriotic cells and stimulate their apoptosis, in 
early-stage endometriotic lesions induced in nude mice 
(114).   

 
cDNA microarray analysis has provided 

interesting insight for altered gene expression profiles in 
patients with endometriosis. Using this method, Arimoto et 
al found 97 up-regulated and 337 down-regulated genes in 
women with endometriosis (115). Genes related to 
apoptosis (GADD34, GADD45A, GADD45B, PIG11) and 
the tumor suppressor TP53 gene, were down-regulated in 
endometriotic tissues. These findings are in consistent with 
the decreased spontaneous apoptosis observed in eutopic 
endometrium from women with endometriosis.  

 
Survivin is a member of the inhibitors of 

apoptosis family. Inhibitors of apoptosis proteins directly 
inhibit the terminal effector caspase 3 and 7, and thus 
protect the cells from apoptosis. Ueda et al showed that 
endometriotic cells express more survivin genes than 
normal endometrial cells without endometriosis (116). 
Susceptibility to drug-induced apoptosis in endometriotic 
cells was attenuated compared to eutopic endometrial cells 
(117, 118), implying that endometriotic cells may have the 
ability to survive and develop in the ectopic sites. Increased 
survivin expression was present in eutopic and ectopic 
epithelial cells but only ectopic epithelial cells lost the 
cyclic variation of survivin expression throughout 
menstrual cycles. Ectopic stromal cells lost their regulating 
functions on survival signaling, PI3K/Akt/Survivin 
signaling, in epithelial cells and also lost the ability to 
mediate the inhibitory effect of progesterone on survival 
signalling in epithelial cells (119). We recently 
demonstrated that survivin plays a critical role in 
susceptibility of endometriotic stromal cells to apoptosis 
and the survivin inhibitor may be effective as a treatment 
for endometriosis (120). YM155, a novel small-molecule 
survivin suppressant, induces regression of hormone-
refractory prostate cancer (HRPC) (121). Phase II clinical 
studies of YM155 for HRPC, melanoma, and non-small 
cell lung cancer are in progress. Moreover, inhibition of 
survivin by RNA interference reduced cell proliferation and 
induced apoptosis in endometrial Ishikawa cancer cells by 
activating caspase-3 and caspase-8 thus suggesting that 
survivin may be an attractive target for endometriosis and 
endometrial cancer treatment (122). 

 
5.6. Apoptosis and treatment of endometriosis 
5.6.1. Hormonal treatment 
 Endometriosis is an estrogen-dependent disease. 
Current therapeutic alternatives consist of various hormone 
treatments aimed at decreasing circulating estrogen to 
postmenopausal levels. Incubation with GnRH-agonists 
(GnRH-a) increased the apoptotic rate in eutopic and 
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ectopic endometrial cells from women with endometriosis 
(123-125). Medical strategies to intervene anti-apoptotic or 
pro-apoptotic pathways may lead to identify effective 
treatment modalities for the treatment of endometriosis. It 
has been proposed that the anti-proliferative effect of 
GnRH-a treatment may be mediated by the activation of 
Fas/FasL system. The increase in apoptotic rate may be due 
to alterations in the expression of apoptosis-related genes 
after GnRH-a administration. Treatment with GnRH-a was 
found to affect the expression of a diverse range of genes, 
including those that encode apoptotic factors (126). GnRH-
a treatment was able to markedly reduce the inflammatory 
reaction and angiogenesis and to significantly induce 
apoptosis, as was shown from the increased expression of 
activated caspase-3, in eutopic endometrial cells and lesion 
from women with endometriosis (127). GnRH-a was found 
to increase the expression of the pro-apoptotic proteins Bax 
and FasL and to decrease the expression of the anti-
apoptotic protein Bcl-2 in eutopic endometrial cells (128). 

 
Aromatase overexpression has recently been 

observed in endometriotic tissues (129, 130). Aromatase 
catalyzes the conversion of androgens to estrogens. Local 
estrogen production by endometriotic implants may 
contribute to the progression of endometriosis in 
unfavorable condition. Aromatase inhibitors have been 
successfully used for the treatment of endometriosis (131, 
132). Aromatase inhibitors, letrozole and anastrozole, have 
increased apoptosis and reduced cell proliferation of 
epithelial endometrial cells from patients with 
endometriosis (133). Treatment with either anastrozole or 
letrozole, in a mouse endometriosis model, did not prevent 
lesion establishment; however, it significantly decreased 
the size of the endometriotic lesion (134). Anastrozole was 
more effective to induce apoptosis of endometriotic cells 
compared to letrozole (134). These findings support further 
investigation of aromatase inhibition for the treatment of 
endometriosis.   
  

Combined oral contraceptives (OC) can 
administer in women with endometriosis in order to reduce 
pain symptoms (135) and to maintain the status quo by 
preventing the progression or recurrence of the disease 
(136). In histological studies, there was an arrest in 
endometrial gland proliferation resulted in progressive 
atrophy of the endometrium after long-term use of OC 
(137). Meresman et al have demonstrated that OC can 
enhance apoptosis (decreased Bcl-2/Bax expression ratio) 
in the eutopic endometrium of women with endometriosis 
(138). Another study has shown the inhibitory effects of 
progestogens on endometrial proliferation and the authors 
proposed that these compounds enhance apoptosis in the 
endometrium (69).  

 
Clinically, the use of progestins or OC was also 

suggested as efficacious treatment for endometriosis 
(139,140). Induction of pseudopregnancy using a 
levonorgestrel-releasing intrauterine device has been 
proposed for the treatment of endometriosis (141, 142). 
Levonorgestrel increased Fas expression and enhanced the 
apoptotic index in eutopic and ectopic endometrium of 
patients with endometriosis (142). In order to avoid the 

systematic side effects of progestogens, levonorgestrel-
microspheres were directly injected into endometriotic 
cysts (143). Reduced size of endometriotic lesions and 
endometrial atrophy was observed six months after the 
injection. 
 
5.6.2. Other treatment alternatives 

Although recent medical management of 
endometriosis is almost exclusively accomplished through 
the use of GnRH-a or steroidogenic compounds, these 
treatments are far away to consider ideal. There is 
definitely room for improvement of medical treatment of 
endometriosis with respect to the desire to avoid the 
adverse side effects associated with the hypoestrogenic 
environment induced by the current GnRH-a therapies. 
Modulation of apoptotic factors may result in the effective 
treatment of endometriosis. However, a detailed 
understanding of the molecular mechanism by which these 
drugs and hormones induce cell death should provide a 
fundamental approach for increasing the sensitivity of 
endometriotic cells to these drugs. 

 
Several new compounds have been investigated 

as new treatment modalities for endometriosis. Bufalin is a 
major digoxin-like immunoreactive component isolated 
from the skin and parotid venom glands of toad and is 
known as an apoptosis inducing agent. Adding bufalin in 
culture of ovarian endometriotic cyst stromal cells (ECSC) 
significantly inhibited the cell proliferation and DNA 
synthesis of the cells and induced apoptosis (144). Another 
apoptosis inducing agent, beta-hydroxyisovalerylshikonin 
(beta-HIVS), was also examined using ECSCs. Beta-HIVS 
significantly inhibited the proliferation of the ECSCs and 
induced apoptosis (145). These agents may be potential 
therapeutic drugs for the treatment of endometriosis. 

 
Sakamoto et al compared IL-8 expression in 

endometriotic stromal cells of patients treated with GnRH-a 
and those of patients without treatment before surgery 
(146). They showed that GnRH-a attenuated the IL-8 
expression by reducing TNF-alpha-induced NF-kappaB 
activation. A soluble inhibitor of NF-kappaB (BAY 11-
7085) was used to examine the potential application for the 
treatment of endometriosis. It has been shown that BAY 11-
7085 significantly inhibited the cell proliferation and 
induced apoptosis (147).  

 
Recently, Gangadharam et al suggested a novel 

pathway for doxorubicin-mediated cell death through the 
following signaling cascades: early induction of NF-
kappaΒ→ increased IL-8 expression→ increased 
intracellular Ca2+→ activation of calcineurin→ nuclear 
translocation of nuclear factor of activated T lymphocytes 
(NF-AT) → expression of NF-AT-dependent FasL→ FasL-
mediated caspases activation→ cell death (148). The fact 
that proapoptotic Bax expression is also increasing at early 
time of doxorubicin treatment support its role as an NF-
kappaB-dependent gene product which may facilitate FasL-
dependent apoptosis through cascade-dependent pathway 
(148). However, a lot of concerns have to be raised for the 
administration of a tumor-suppressive agent in order to 
treat a benign disease.    
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Othman et al showed that mutants of estrogen 
receptor genes delivered to endometriotic cells via an 
adenovirus vector decreased cell proliferation, induced 
apoptosis and decreased cytokine production, suggesting 
that adenovirus–mediated gene therapy may represent a 
potential therapeutic option for endometriosis in the future 
(149). 
  

A selective estrogen receptor modulator, 
raloxifene, has been investigated for the treatment of 
endometriosis. Altindas et al administered raloxifene in a 
rat endometriosis model and found significantly reduced 
endometriotic implants after eight weeks of therapy (150). 
Although the exact mechanism of raloxifene action has not 
been determined, Morishima et al showed that act via 
induction of apoptosis (151). Specifically, raloxifene 
administration in human endometrial carcinoma cells 
(Ishikawa) increased the number of apoptotic cells, the 
activities of caspases-3, -8, -9, and cytosolic cytochrome c 
levels were also elevated. In contrast, cleavage of Bid was 
not observed. Thus, raloxifene induced mitochondrial-
mediated apoptosis in endometrial cancer cells but not via 
the Bid-mitochondrial pathway (151). Clinical studies are 
needed to evaluate if raloxifene can be used as an 
alternative drug for the treatment of endometriosis.  
  

Recently, Banu et al have shown that selective 
inhibition of cyclooxygenase-2 prevented survival, 
migration, and invasion of human endometriotic epithelial 
and stromal cells, which was due to decreased PGE2 
production (152). PGE2 signalling components are more 
abundantly expressed in ectopic endometriosis tissues 
compared with eutopic endometrial tissues during the 
menstrual cycle. PGE2 promoted the survival of human 
endometriotic cells through EP2 and EP4 receptors by 
activating ERK1/2, Akt, nuclear factor-κB, and β-catenin 
signaling pathways. Selective inhibition of EP2 and EP4 
suppressed these cell survival pathways and augmented 
interactions between proapoptotic proteins (Bax and Bad) 
and antiapoptotic proteins (Bcl-2/Bcl-XL), facilitated the 
release of cytochrome c, and activated caspase-3/poly 
(ADP-ribose) polymerase-mediated intrinsic apoptotic 
pathways (84).   
  
6.CONCLUSIONS 

 
Apoptosis play an important role in the 

development and progression of endometriosis. 
Manipulation of cell death processes could be used to treat 
endometriosis. However, it is important to remember that 
no biochemical pathway stands on its own. Apoptosis 
represents the final execution step that defines the fate of a 
cell. However, the decision for the survival or the death of a 
cell has been decided earlier, through various and 
complicated gene regulations. Advances in molecular 
biology and genetics will help us to understand these issues 
and may yield prevention and treatment modalities for the 
endometriosis in the near future.   
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